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[57] ABSTRACT 
A method and apparatus for determining the concentra 
tion of a predetermined energy absorbing compound in 
a breath sample even in the presence of other unknown 
energy absorbing compounds. Infrared energy of three 
wavelengths are passed through the collected sample. 
The ?rst wavelength of infrared energy, 3.95 microns 
for example, is selected to be insensitive to absorption 
by both the predetermined energy absorbing compound 
such as ethanol and the unknown energy absorbing 
compounds such as acetone and water vapor. The sec 
ond wavelength of infrared energy, 3.48 microns for 
example, is selected to be signi?cantly absorbed by 
ethanol. The third wavelength of infrared energy, 3.39 
microns for example, is selected to be signi?cantly ab 
sorbed by acetone and water vapor. Operational ampli 
?ers responsive to the ?rst, second and third predeter 
mined wavelengths of energy are utilized to subtract the 
effect of the absorption by acetone and water vapor so 
as to generate an electrical output signal which is pro 
portional only to the ethanol concentration. 

32 Claims, 7 Drawing Figures 
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BREATH ANALYZER 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates generally to apparatus for de 

tecting and measuring the concentration of an energy 
absorbing compound in a breath sample of a human 
subject. More particularly, it relates to a method and 
apparatus for determining only ethanol concentrations 
in a breath sample without the in?uence of commonly 
occurring interferants, such as acetone and water vapor. 

2. Description of the Prior Art 
The basic physical principles of absorption by ethanol 

and other materials of energy from a beam of infrared 
electromagnetic energy, upon which the present inven 
tion is based, is well-known in the prior art. Such a 
technique has been fully described and illustrated in 
U.S. Pat. No. 3,562,524 which issued on Feb. 9, 1971 to 
Donald F. Moore and is incorporated herein by refer 
ence. Heretofore, there have been many methods and 
apparatus in the prior art which have utilized the princi 
ples of absorption by ethanol and made practical impleu 
mentations of such infrared means to measure the etha 
nol concentration in a breath sample. 
For example, in U.S. Pat. No. 3,792,272 to Harte et al 

there is disclosed a system for detecting and quantifying 
ethanol content in a breath sample which uses a single 
infrared wavelength (3.39 microns). Since this single 
wavelength of energy is absorbed both by ethanol and 
other energy absorbing compounds naturally occurring 
in the breath sample such as acetone or ingested com 
pounds such as turpentine, the infrared measurement 
will be rendered inaccurate and overstated if other, 
energy absorbing compounds are present. 

Further, there is disclosed in U.S. Pat. No. 4,268,751 
to Fritzlen et al and assigned to the same assignee of the 
present invention a method and apparatus for detecting 
the possible presence of an energy absorbing compound 
(i.e., acetone) in a breath sample which may render 
inaccurate a measurement of the concentration of a 
predetermined energy absorbing compound (i.e., etha 
nol) present in the sample. Fritzlen applies two prede 
termined wavelengths (3.39 microns and 3.48 microns) 
to the same breath sample contained in a chamber, at 
least one of which wavelength is suf?cently absorbed 
by ethanol. The infrared energy remaining in each of 
the two wavelengths after absorption by the collected 
sample is received by an infrared detector which con 
verts this remaining quantity of infrared energy to an 
equivalent electrical signal. The equivalent electrical 
signal representative of the ?rst wavelength and the 
equivalent electrical signal representative of the second 
wavelength are continuously compared and their differ 
ence is required to remain substantially constant at a 
predetermined value throughout the test. The lack of a 
predetermined comparison value indicates the presence 
of an infrared energy absorbing compound other than 
ethanol. However, Fritzlen suffers from a disadvantage 
in that it merely detects the presence of an unknown 
energy absorbing compound but cannot determine ac 
curately the concentration of the predetermined energy 
absorbing compound when both the unknown energy 
absorbing compound and the predetermined energy 
absorbing compound are present in a sample. Further, 
Fritzlen does not compensate for the presence of water 
vapor which is always present in a breath sample. 
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2 
Accordingly, it would be desirable to provide a 

breath analyzer for determining the amount of a prede 
termined energy absorbing compound such as ethanol 
in a sample even when unknown energy absorbing com 
pounds such as acetone and water vapor are also pres 
ent. The present invention provides a method and appa 
ratus for determining only ethanol concentrations in a 
breath sample without the in?uence of occurring inter 
ferants, such as acetone and water vapor. The technique 
of the present invention is so general in that the concen 
tration of any desired energy absorbing compound 
found in a breath sample can be determined indepen 
dently of any potential interferant. 

SUMMARY OF THE INVENTION 

Accordingly, it is a general object of the present 
invention to provide an improved method and system 
for determining the amount of a predetermined energy 
absorbing compound in a sample which is relatively 
simple and economical to manufacture and is easy to 
operate, but yet overcomes the disadvantages of the 
prior art breath analyzers. 

It is another object of the present invention to pro 
vide a system for determining the amount of a predeter 
mined energy absorbing compound such as ethanol in a 
sample even when unknown energy absorbing com 
pounds such as acetone and water vapor are also pres 
ent. 

It is another object of the present invention to pro 
vide a system for determining the amount of a predeter 
mined energy absorbing compound which includes 
circuit means for generating an electrical output signal 
which is proportional only to the predetermined energy 
absorbing compound. 

It is still another object of the present invention to 
provide a system for determining the amount of a prede 
termined energy absorbing compound such as ethanol 
in a sample which includes a display device responsive 
to an electrical output signal for indicating visually the 
amount of the predetermined energy absorbing com 
pound in the sample. 

It is yet still another object of the present invention to 
provide a method for determining the amount of the 
predetermined energy absorbing compound in a sample 
even when unknown energy absorbing compounds such 
as acetone and water vapor are also present. 

It is yet still another object of the present invention to 
provide a system for indicating the presence of acetone. 
In accordance with the aims and objectives of the pres 
ent invention, there is provided a system for determin 
ing the amount of a predetermined energy absorbing 
compound in a sample even when unknown energy 
absorbing compounds are also present and where both 
the predetermined energy absorbing compound and the 
unknown energy absorbing compounds do not absorb a 
?rst predetermined wavelength of energy and where 
both the predetermined energy absorbing compound 
and the unknown energy absorbing compounds absorb 
both second and third predetermined wavelengths of 
energy. The system includes generating means for pro 
ducing a ?rst predetermined wavelength of energy, a 
second predetermined wavelength of energy and a third 
predetermined wavelength of energy. A chamber 
means is provided in the path of the ?rst, second and 
third predetermined wavelengths of energy for receiv 
ing the sample and for passing the ?rst, second and third 
predetermined wavelengths therethrough. Detecting 
means is provided in the path of the ?rst, second and 
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third predetermined wavelengths for sensing separately 
the amount of energy remaining in each of the ?rst, 
second and third predetermined wavelengths after the 
passing of the ?rst, second and third predetermined 
wavelengths through the chamber means. Circuit 
means are responsive to the ?rst, second and third pre 
determined wavelengths and is connected to the detect 
ing means for generating an electrical output signal 
which is proportional to only the predetermined energy 
absorbing compound. 
Among the major features and advantages of the 

present invention are that it provides a quick and reli 
able determination of the concentration of the ethanol 
in a breath sample even when unknown energy absorb 
ing compounds such as acetone and water vapor are 
also present. Further, the present system is unaffected 
by changes that occur to the optical path, detector 
sensitivity, degradation of electrical components, inten 
sity of the infrared source, small temperature deviations 
and humidity in the atmosphere. 

Further, other features and advantages of the present 
invention are listed as follows: 

1. It provides a direct method of measuring the etha 
nol concentration only even in the presence of other 
unknown energy absorbing compounds, without the use 
of chemicals. 

2. The system is extremely simple to operate so as to 
minimize training time in its use. 

' 3. It compensates for particulate matter in the light 
path such as smoke or dust. 

4. There has been eliminated the requirement of high 
grade optics. 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and other objects and advantages of the pres 
ent invention will become more fully apparent from the 
following detailed description when read in conjunc 
tion with the accompanying drawings with like refer 
ence numerals indicating corresponding parts through 
out, wherein: Y 

' ’ FIG. 1a is a perspective view of a breath analyzer 
device embodying the principles of the present inven 
tion; 
FIG. 1b is a top plan view of the present invention 

with the cover removed; 
FIG. 2 is a combination block and schematic diagram 

of the breath analyzer device of the present invention; 
FIG. 3 is a detailed schematic diagram of the elec 

tronic circuit means of FIG. 2; 
FIG. 4 is a plan view of the rotating ?lter wheel; 
FIG. 5 is a plot of the relative absorption of infrared 

energy by ethanol, water vapor and acetone at wave 
lengths between 2.5 microns and 4.0 microns; and 
FIG. 6 is a timed relationship diagram of the infrared 

energy pulses at certain selected circuit outputs. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

Referring now in detail to the various views of the 
drawings, there are shown in FIGS. 1a and 1b a breath 
analyzer device 2 embodying the features of the present 
invention wherein the blood alcohol content of a sus 
pected drunk driver may be determined by analysis of 
the expired breath of the subject. The device 2 has an 
on/off push bottom power switch 3 that applies AC 
power thereto. With the switch 3 in the “on” position, 
the operating procedure for conducting a breath test 
involves merely a one-step operation in which the oper 
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4 
ator pushes the start test switch 4. This causes the de 
vice to automatically purge the sample chamber, ana 
lyze the breath sample of the subject, and again purge 
the sample chamber. This step is then repeated for the 
next breath test. 
As can best be seen in FIG. 2, there is shown a block 

and schematic diagram of the present invention which 
includes an infrared source 10 controlled by a highly 
stable, well=regulated DC power supply 12. The source 
10 consists preferably of a quartz iodine or other quartz 
halogen lamps. However, it should be clearly under 
stood by those skilled in the art that many other alterna 
tive infrared sources may be used such as an incandes 
cent lamp, helium-neon laser, or heater wires. The 
source 10 transmits a beam 11 of infrared energy to 
modulator means 14 such as a rotating ?lter wheel 15 
driven by a motor 16. The ?lter wheel 15 (FIG. 4) is 
opaque to the beam 11 except for three distinct aper 
tures. The ?rst aperture 18 is covered by a narrow band 
optical ?lter 20 which is less than 4 microns. A second 
aperture 22 is covered by a narrow band 3.48 micron 
optical ?lter 24 and a third aperture 26 is covered by a 
narrow band 3.39 micron optical ?lter 28. The source 10 
produces a broad band of energy which is one where 
many discrete wavelengths of energy are present. On 
the other hand, a narrow band of energy is de?ned by 
one which contains only a single or closely grouped 
wavelength. 
FIGS. 6a-60 illustrate the time-related occurrence of 

input and output signals at various selected points in the 
energy detecting and electronic circuitry of the present 
invention. Time is conveniently expressed on the hori 
zontal axes in degrees of ?lter wheel rotation which is a 
function of the speed of the motor 16 (revolutions per 
minute). The vertical axes represent the relative ampli 
tude of the various electrical signals. 
The apertures 18, 22 and 26 are formed in and equally 

spaced apart at 120° apart about the rotating ?lter wheel 
15. By dividing the circumference of the ?lter wheel 15 
into 360 degrees, the aperture 18 is considered to be at 
60 degrees. The aperture 22 is at 180 degrees and the 
aperture 26 is at 300 degrees. As a result, the beam 
downstream from the ?lter wheel 15 will no longer be 
continuous but will appear as reoccuring succession of 
individual pulses of infrared energy separated by 120°, 
The ?rst pulse will be representative of a narrow 
banded infrared energy of less than 4 microns. For 
convenience of illustration, this ?rst pulse is selected as 
one of a narrow band 3.95 micron infrared energy. The 
?rst pulse will be followed by a second pulse of narrow 
band 3.48 micron infrared energy which will be, in turn, 
followed by a third pulse of narrow band 3.39 micron 
infrared energy. The timewise relationship of these 
three infrared pulses is depicted in FIG. 6c. This beam 
consisting of discrete pulses is transmitted through a 
breath sample chamber 30 by means of infrared trans 
mitting windows 32 and 34 located at each end of the 
chamber. Alternatively, the ?lter wheel 15 may be posi 
tioned adjacent the window 34 as opposed to the win 
dow 32 as shown in FIG. 2. The chamber is formed 
with suitable inlet 36 and outlet 38 to introduce, store 
and purge the breath sample to be tested, as is well 
known in the art. As the beam 11 emerges from the 
infrared transmitting window 34, it impinges onto an 
infrared detector 40 which is preferably a lead selenide 
photocell conductor. The infrared signals from the de 
tector 40 are converted to electrical signals for further 
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amplifying, electronic processing, rectifying and dis 
playing by electronic circuit means 42. 

In order to precisely locate and identify electroni 
cally each of the three separated pulses of infrared en 
ergy which are reoccurring every 360°, synchronizing 
means 43 includes a notch 44 formed in the ?lter wheel 
15 which is detected electronically each revolution 
thereof by an interrupter circuit 46. The interrupter 
circuit 46 includes a light-emitting diode (LED) 48 and 
a photo-transistor 50 which generates a pulse each time 
the notch 44 on the wheel 15 is passed therethrough. 
The signal at the output of the interrupter 46 is illus 
trated by FIG. 6a. These pulses are sent to the input 52 
of a phase lock loop 54. The phase lock loop is prefera 
bly an IC type 4046 which is manufactured and sold by 
RCA Corporation. Only the signi?cant parts of the 
phase lock loop are illustrated in block form in FIG. 2. 
For a full understanding of the principles and the means 
for selecting component values to fully implement IC 
4046 in the present application, application note ICAN 
6101 in the SSD-203C 1975 Databook Series published 
by RCA Corporation is hereby incorporated by refer 
ence. The output 56 of the phase lock loop is frequency 
divided by ten by means of a divide-by-ten counter 58. 
The output 60 of the counter 58 is applied to a second 
input 62 of the phase lock loop so as to synchronize the 
leading edge of the 3.95 micron energy pulse at the 
input 52 with every fourth pulse of the output 56. The 
signal at the output 60 of the counter 58 is shown in 
FIG. 6b. By selecting the appropriate outputs 64, 66 and 
68 of the counter 58, there will be produced three pulses 
or time windows separated by 120°. These three sepa 
rate time windows appearing at outputs 64, 66 and 68 
have been combined and are illustrated in FIG. 6e. 

Referring now to FIG. 3, the electronic circuit means 
42 includes a very high input impedance ?eld-effect 

' transistor (FET) ampli?er 70 which serves as a detector 
load for the electrical signal consisting of all three infra 
red pulses, (FIG. 6c) namely, the pulses representing the 
energy remaining in the 3.95 micron wavelength, the 
3.48 micron wavelength and the 3.39 micron wave 
length from the detector 40. The output 71 of the FET 
ampli?er 70 is delivered to an automatic gain control 
(AGC) ampli?er 72 whose output 73 is further fed back 
to the other input of the ampli?er 72 via the input 75 and 
output 77 of a FET gate 79. The output 77 of the gate 
79 is connected to the input of a stable low noise opera 
tional ampli?er 74 referred to hereinafter as the 3.95 or 
reference channel. The output 73 of the AGC ampli?er 
72 is also connected to the inputs of a second opera= 
tional ampli?er 76 hereinafter referred to as the 3.48 
channel and a third operational ampli?er 78 hereinafter 
referred to as the 3.39 channel. The other input 83 of the 
FET gate 79 is controlled by the time window output 
64 of the counter 58. Therefore, the signal levels to the 
ampli?ers 74, 76 and 78 are affected only by those fac 
tors which are common to all three windows, i.e., tem 
perature, particulate matter or component drift. 
The output of the second operational ampli?er 76 is 

fed to the input of a FET gate 82 whose other input 81 
is controlled by time window output 66 of the counter 
58. Thus, the output of the gate 82 will produce signals 
representing the energy remaining in the 3.48 micron 
wavelength only when the time window output 66 and 
the 3.48 infrared pulse occur simultaneously. Similarly, 
the output 84 of the third operational ampli?er 78 is fed 
to the input of a FET gate 86 whose other input 85 is 
controlled by the time window output 68 of the counter 
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6 
58. Therefore, the output of the gate 86 will produce a 
signal representing the energy remaining in the 3.39 
micron wavelength only when the time window output 
68 and the 3.39 infrared pulse occur simultaneously. 
The output 77 of the gate 79 provides a signal repre 

senting the energy remaining in the 3.95 micron wave 
length when the time window output 64 and the 3.95 
infrared pulse occur simultaneously. The output 77 of 
the gate 79 is depicted by FIG. 6f The output of the 
gate 82 is shown in FIG. 6g and the output of the gate 
86 is shown in FIG. 6h. Thus, it can be seen the infrared 
energy remaining in the 3.95, 3.48 and 3.39 wavelengths 
have been completely separated into individual pulses. 
The outputs 90, 92 and 94 of the respective 3.95 chan 

nel, 3.48 channel and 3.39 channel are connected to 
conventional recti?ers 96, 98 and 100 to convert their 
pulse amplitude signal to a DC voltage which is propor 
tional to the amount of energy remaining in the 3.95, 
3.48 and 3.39 wavelengths after their passing through 
the breath sample. FIGS. 61‘, 6j and 6k illustrate both the 
pulses and the inputs of the recti?ers 96, 98 and 100 and 
the DC voltages at the outputs of the recti?ers whose 
amplitudes are proportional to the peak amplitudes of 
the pulses on the recti?er inputs. The operational ampli 
?ers 74, 76 and 78 are essentially identical circuits so 
that the proportionality of the energy remaining in the 
three wavelengths is electrically preserved. 
For the purposes of discussion, the 3.95 micron wave 

length for the reference channel is insensitive or is not 
absorbed by all potential infrared energy absorbing 
compounds. In this preferred embodiment, there are 
shown to be three channels. However, it should be 
apparent to those skilled in the art that any number of 
channels could be selected as desired. In the present 
invention, a ?rst channel is for a reference, a second 
channel is for ethanol and a third channel is for acetone. 
As can best be seen from FIG. 3, the output 102 of the 
recti?er 96 connected to the reference channel is con 
nected to one input of a ?rst differential ampli?er 104, 
and the output 106 of the recti?er 98 connected to the 
ethanol channel is connected to the other input of the 
differential ampli?er 104. Since the reference channel 
has been selected to be insensitive to all potential infra 
red energy absorbing compounds, the input 102 of the 
ampli?er 104 should remain at a constant predetermined 
value. Any deviation from this by the input 102 would 
indicate that there is an error in the system or an envi 
ronmental change. Since acetone is also absorbed in the 
ethanol channel, the input 103a of the ampli?er 104 
would be proportional to the energy remaining after 
absorption by both ethanol and acetone. Thus, the out 
put 108 of the ampli?er 104 is proportional to the etha 
nol and acetone concentration assuming the reference 
signal remains constant. The output 108 of the ?rst 
differential ampli?er 104 is shown in FIG. 61 when only 
ethanol is present. The output 108 is shown in FIG. 6m 
when both ethanol and acetone are present. 
The output 106 of the recti?er 98 connected to the 

ethanol channel is also connected to one input of a 
second differential ampli?er 110, and the output 112 of 
the recti?er 100 connected to the acetone channel is 
coupled to the other input of the second differential 
ampli?er 110. The gain of the acetone channel 78 ampli 
?er is adjusted so that the output 114 of the ampli?er 
110 is zero when ethanol only is introduced in the sam 
ple chamber. Thus, the output 114 will not change 
when ethanol only is present in the sample chamber but 
there will be a change when acetone is introduced. 
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When acetone is present, the change at output 114 will 
be proportional to the change at output 108. The output 
114 of the second differential ampli?er 110 is shown in 
FIG. 6n. 
The output 114 of the second differential ampli?er 

110 is connected to one input of a third differential 
ampli?er 116, and the output 108 of the ?rst differential 
ampli?er 104 that is proportional to the ethanol and 
acetone concentration is connected to the other input of 
the differential ampli?er 116. The ampli?er 116 de?nes 
an ethanol-acetone subtractor ampli?er which subtracts 
the signal that is proportional to acetone from the signal 
that is proportional to the ethanol and acetone concen 
tration. Thus, the output 118 of the third differential 
ampli?er 116 will not change when only acetone is in 
the chamber, but there will be a change when ethanol is 
introduced. Accordingly, the output signal 118 will be 
proportional to the ethanol concentration. The output 
118 of the third differential ampli?er 116 is shown in 
FIG. 60. 

It should be understood that if the acetone channel 
having a 3.39 wavelength of energy was appropriately 
selected to be one in which water vapor is also absorbed 
in this acetone channel then the output signal 118 would 
also cancel out the effect of water vapor. Alternatively, 
the reference channel having the 3.95 wavelength of 
energy could be selected appropriately to be sensitive 
only to water vapor, then the output signal would still 
.be proportional only to the ethanol concentration sub 
tracting out the effect of water vapor. For the purposes 
of illustration, FIG. 5 depicts the relative absorption 
response of ethanol, acetone and water vapor in the 
three speci?c wavelengths of 3.39, 3.48 and 3.95 mi 
crons used in this preferred embodiment. 
The output signal 118 is a recti?ed DC signal which 

has an electrical value proportional to the amount of 
ethanol in a collected breath sample even when other 
;.unknown energy absorbing compounds are present. 
The output signal 118 is fed to an electronic processor 
.120 which converts this electrical value to a digital form 
that may be scaled to Blood Alcohol Content (BAC) or 
any other desired scale. The output of the electronic 
processor 120 drives a Digital Visual display 122 such as 
a seven~segment light-emitting diode display to indicate 
the BAC value and/or a digital printer 124. 
From the foregoing detailed description, it can thus 

be seen that the present invention provides an improved 
method and system for determining the amount of a 
predetermined energy absorbing compound in a breath 
sample even when unknown energy absorbing com 
pounds are also present. Speci?cally, there are provided 
a method and apparatus for determining only ethanol 
concentrations in a breath sample without the in?uence 
of occurring interferants, such as acetone and water 
vapor. 
While there has been illustrated and described what is 

at present to be the preferred embodiment of the present 
invention, it will be understood by those skilled in the 
art that various changes and modi?cations may be 
made, and equivalents may be substituted for elements 
thereof without departing from the true scope of the 
invention. In addition, many modi?cations may be 
made to adapt a particular situation or material to the 
teachings of the invention without departing from the 
central scope thereof. Therefore, it is intended that this 
invention not be limited to the particular embodiment 
disclosed as the best mode contemplated for carrying 
out this invention, but that the invention will include all 
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8 
embodiments falling within the scope of the appended 
claims. 
What is claimed is: 
1. A system for determining the amount of a predeter 

mined energy absorbing compound in a sample when 
unknown energy absorbing compounds are also present 
and where both the predetermined energy absorbing 
compound and the unknown energy absorbing com 
pounds absorb both ?rst and second predetermined 
wavelengths of energy, said system comprising, in com 
bination, generating means for producing a ?rst prede 
termined wavelength of energy and a second predeter 
mined wavelength of energy, both said ?rst predeter 
mined wavelength and said second predetermined 
wavelength being absorbed by both the predetermined 
energy absorbing compound and the unknown energy 
absorbing compounds when both are present in the 
sample, 
chamber means in the paths of said ?rst and second - 

predetermined wavelengths of energy for receiv 
ing the sample and for passing said ?rst and second 
predetermined wavelengths therethrough; 

detecting means in the path of said ?rst and second 
predetermined wavelengths for producing a ?rst 
signal proportional to the energy remaining in said 
?rst predetermined wavelength and a second signal 
proportional to the energy remaining in said sec= 
ond predetermined wavelength after each has been 
absorbed by said predetermined energy absorbing 
compound and said unknown energy absorbing 
compounds, 

?rst circuit means for receiving said ?rst signal, sec 
ond circuit means for receiving both said ?rst sig 
nal and said second signal and for subtracting them 
to produce a third signal, said second circuit means 
being adjusted so that said third signal is constant 
when only said predetermined energy absorbing 
compound is in said chamber whereby said third 
signal will be proportional to said unknown energy 
absorbing compounds in said sample, and third 
circuit means for receiving said ?rst signal and said 
third signal and subtracting them to produce an 
electrical output which is proportional to said pre 
determined energy absorbing compound in said 
sample. 

2. A system as de?ned in claim 1 where said sample is 
a breath sample, said predetermined energy absorbing 
compound is ethanol, and an unknown energy absorb 
ing compound is acetone. 

3. A system as de?ned in claim 1 where said sample is 
a breath sample, said predetermined energy absorbing 
compound is ethanol, and said unknown energy absorb 
ing compounds are acetone and water vapor. 

4. A system as de?ned in claim 1 where said ?rst 
signal is submitted to a ?rst differential ampli?er, said 
?rst and second signals are submitted to a second differ 
ential ampli?er which produces said third signal, said 
third signal being constant when only said predeter 
mined energy absorbing compound is in said sample, 
and said third signal being conducted to said ?rst differ 
ential ampli?er which subtracts said third signal from 
said ?rst signal to produce said electrical output propor 
tional to said predetermined energy absorbing com 
pound in said sample. 

5. A system as de?ned in claim 1 where said generat 
ing means includes an infrared energy source producing 
a broad band of wavelengths, and ?lter means for pass 
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ing separately said ?rst and second predetermined 
wavelengths. 

6. A system as de?ned in claim 1 where said second 
circuit means is adjusted so said third signal is zero 
when only said predetermined energy absorbing com 
pound is in said chamber. 

7. A system for determining the amount of a predeter 
mined energy absorbing compound in a sample when 
unknown energy absorbing compounds are also present 
and where both the predetermined energy absorbing 
compound and the unknown energy absorbing com 
pounds absorb both ?rst and second predetermined 
wavelengths of energy, said system comprising, in com 
bination, generating means for producing a ?rst prede 
termined wavelength of energy and a second predeter 
mined wavelength of energy, both said ?rst predeter 
mined wavelength and said second predetermined 
wavelength being absorbed by both the predetermined 
energy absorbing compound and the unknown energy 
absorbing compounds when both are present in the 
sample, 
chamber means in the paths of said ?rst and second 

predetermined wavelengths of energy for receiv 
ing the sample and for passing said ?rst and second 
predetermined wavelengths therethrough, 

detecting means in the path of said ?rst and second 
predetermined wavelengths for producing a ?rst 
signal proportional to the energy ramaining in said 
?rst predetermined wavelength and a second signal 
proportional to the energy remaining in said sec 
ond predetermined wavelength after each has been 
absorbed by said predetermined energy absorbing 
compound and said unknown energy absorbing 
compounds, - 

?rst recti?er means for receiving said ?rst signal, 
second recti?er means for receiving said second 
signal, ?rst differential ampli?er means for receiv 
ing said ?rst signal from said ?rst recti?er means, 
second differential ampli?er means for receiving 
said ?rst signal from said ?rst recti?er means and 
said second signal from said second recti?er means 
and for subtracting them to produce a third signal, 

means for adjusting one of said ?rst and second sig 
nals so that said third signal is constant when only 
said predetermined energy absorbing compound is 
in said chamber whereby said third signal will be 
proportional to said unknown energy absorbing 
compounds in said sample, and means for conduct 
ing said third signal to said ?rst differential ampli‘= 
?er means, said ?rst differential ampli?er means 
subtracting said third signal from said ?rst signal to 
produce an electrical output which is proportional 
to said predetermined energy absorbing compound 
in said sample. 

8. A system as de?ned in claim 7 where said means 
for adjusting one of said ?rst and second signals com 
prises an operational ampli?er connected to the corre 
sponding one of said ?rst and second recti?er means, 
said operational ampli?er being adjusted so said third 
signal is zero when only said predetermined energy 
absorbing compound is in said chamber. 

9. A system as de?ned in claim 7 where said sample is 
a breath sample, said predetermined energy absorbing 
compound is ethanol, and an unknown energy absorb 
ing compound is acetone. 

10. A system as de?ned in claim 7 where said sample 
is a breath sample, said predetermined energy absorbing 
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10 
compound is ethanol, and said unknown energy absorb 
ing compounds are acetone and water vapor. 

11. A system as de?ned in claim 7 where said generat 
ing means includes an infrared energy source producing 
a broad band of wavelengths, and ?lter means for pass 
ing separately said ?rst and second predetermined 
wavelengths. 

12. A system as de?ned in claim 7 including ?rst 
gating means for controlling the transmission of said 
?rst signal to said ?rst recti?er means and second gating 
means for controlling the transmission of said second 
signal to said second recti?er means. 

13. A system as de?ned in claim 7 where said means 
for adjusting one of said ?rst and second signals is ad 
justed so said third signal is zero when only said prede 
termined energy absorbing compound is in said cham 
ber. 

14. A system for determining the amount of a prede 
termined energy absorbing compound in a sample when 
unknown energy absorbing compounds are also present 
and where both the predetermined energy absorbing 
compound and the unknown energy absorbing com 
pounds do not absorb a ?rst predetermined wavelength 
of energy and where both the predetermined energy 
absorbing compound and the unknown energy absorb 
ing compounds absorb both second and third predeter 
mined wavelengths of energy, said system comprising, 
in combination, generating means for producing a ?rst 
predetermined wavelength of energy, a second prede 
termined wavelength of energy and a third predeter 
mined wavelength of energy, said ?rst predetermined 
wavelength of energy being unabsorbed by the prede 
termined energy absorbing compound and the unknown 
energy absorbing compounds, both said second prede 
termined wavelength and said third predetermined 
wavelength being absorbed by both the predetermined 
energy absorbing compound and the unknown energy 
absorbing compounds when both are present in the 
sample, 
chamber means in the paths of said ?rst, second and 

third predetermined wavelengths of energy for 
receiving the sample and passing said ?rst, second 
and third predetermined wavelengths there 
through, 

detecting means in the path of said ?rst, second and 
third predetermined wavelengths for producing a 
?rst signal proportional to the energy remaining in 
said ?rst predetermined wavelength, a second sig 
nal proportional to the energy remaining in said 
second predetermined wavelength and a third sig 
nal proportional to the energy remaining in said 
third predetermined wavelength after each has 
passed through said chamber, 

?rst circuit means for receiving said ?rst and second 
signals and subtracting them to produce a fourth 
signal proportional to the energy remaining in said 
second signal after absorption by said predeter 
mined energy absorbing compound and said un 
known energy absorbing compounds, 

second circuit means for receiving said second and 
third signals and subtracting them to produce a 
?fth signal, said second circuit means being ad 
justed so that said ?fth signal is constant when only 
said predetermined energy absorbing compound is 
in said chamber whereby said ?fth signal will be 
proportional to said unknown energy absorbing 
compounds in said sample, 
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and third circuit means for receiving said fourth sig 
nal and said ?fth signal and subtracting them to 
produce an electrical output which is proportional 
to said predetermined energy absorbing compound 
in said sample. 

15. A system as de?ned in claim 14 where said sample 
is a breath sample, said predetermined energy absorbing 
compound is ethanol, and an unknown energy absorb= 
ing compound is acetone. 

16. A system as de?ned in claim 14 where said sample 
is a breath sample, said predetermined energy absorbing 
compound is ethanol, and said unknown energy absorb 
ing compounds are acetone and water vapor. 

17. A system as de?ned in claim 14 where said ?rst 
signal and second signals are transmitted to a ?rst differ 
ential ampli?er which subtracts them to produce said 
fourth signal, said second and third signals are transmit 
ted to a second differential ampli?er which subtracts 
them to produce said ?fth signal, said ?fth signal being 
constant when only said predetermined energy absorb 
ing compound is in said chamber, and said fourth and 
?fth signals are transmitted to a third differential ampli» 
?er which subtracts them to produce said electrical 
output proportional to said predetermined energy ab 
sorbing compound in said sample. 

18. A system for determining the amount of a prede 
termined energy absorbing compound in a sample when 
‘unknown energy absorbing compounds are also present 
and where both the predetermined energy absorbing 
I compound and the unknown energy absorbing com 
*~pounds do not absorb a ?rst predetermined wavelength 

» -of energy and where both the predetermined energy 
absorbing compound and the unknown energy absorb 
ing compounds absorb both second and third predeter~ 
mined wavelengths of energy, said system comprising, 
in combination, generating means for producing a ?rst 

' predetermined wavelength of energy, a second prede 
" ‘termined wavelength of energy and a third predeter 
mined wavelength of energy, said ?rst predetermined 

*wavelength of energy being unabsorbed by the prede 
termined energy absorbing compound and the unknown 
energy absorbing compounds, both said second prede 
termined wavelength and said third predetermined 
wavelength being absorbed by both the predetermined 
energy absorbing compound and the unknown energy 
absorbing compounds when both are present in the 
sample, 
chamber means in the paths of said ?rst, second and 

third predetermined wavelengths for producing a 
?rst signal proportional to the energy remaining in 
said ?rst predetermined wavelength, a second sig 
nal proportional to the energy remaining in said 
second predetermined wavelength, and a third 
signal proportional to the energy remaining in said 
third predetermined wavelength after each has 
passed through said chamber, 

?rst recti?er means for receiving said ?rst signal, 
second recti?er means for receiving said second 
signal, third recti?er means for receiving said third 
signal, 

?rst differential ampli?er means for receiving said 
?rst and second signals from said ?rst and second 
recti?er means and subtracting them to produce a 
fourth signal proportional to the energy remaining 
in said second signal after absorption by said prede 
termined energy absorbing compound and said 
unknown energy absorbing compounds, 
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12 
second differential ampli?er means for receiving said 

second and third signals from said second and third 
recti?er means and for subtracting them to produce 
a ?fth signal, 

means for adjusting one of said second and third 
signals so that said ?fth signal is constant when 
only said predetermined energy absorbing com 
pound is in said chamber whereby said ?fth signal 
will be proportional to said unknown energy ab 
sorbing compounds in said sample, 

and a third differential ampli?er means for receiving 
said fourth and ?fth signals and subtracting them to 
produce an electrical output proportional to said 
predetermined energy absorbing compound in said 
sample. 

19. A system as de?ned in claim 18 where said means 
for adjusting one of said second and third signals com 
prises an ampli?er connected to the corresponding one 
of said second and third recti?er means, said ampli?er 
being adjusted so that said ?fth signal is zero when only 
said predetermined energy absorbing compound is in 
said chamber. 

20. A system as de?ned in claim 18 where said sample 
is a breath sample, said predetermined energy absorbing 
compound is ethanol, and an unknown energy absorb 
ing compound is acetone. 

21. A system as de?ned in claim 18 where said sample 
is a breath sample, said predetermined energy absorbing 
compound is ethanol, and said unknown energy absorb 
ing compounds are acetone and water vapor. 

22. A system as de?ned in claim 18 where said gener= 
ating means includes an infrared energy source produc 
ing a broad band of wavelengths, and ?lter means for 
passing separately said ?rst, second and third predeter~ 
mined wavelengths. 

23. A system as de?ned in claim 18 including ?rst 
gating means for controlling the transmission of said 
?rst signal to said ?rst recti?er means, second gating 
means for controlling the transmission of said second 
signal to said second recti?er means, and third gating 
means for controlling the transmission of said third 
signal to said third recti?er means. 

24. A system as de?ned in claim 18 where said means 
for adjusting one of said second and third signals is 
adjusted so said ?fth signal is zero when only said pre 
determined energy absorbing compound is in said 
chamber. 

25. A method for determining the amount of a prede 
termined energy absorbing compound in a sample even 
when unknown energy absorbing compounds are also 
present and where both the predetermined energy ab 
sorbing compound and the unknown energy absorbing 
compounds absorb both ?rst and second predetermined 
wavelengths of energy, said method comprising the 
steps of: 

generating a ?rst predetermined wavelength of en 
ergy and a second predetermined wavelength of 
energy, both said ?rst predetermined wavelength 
and said second predetermined wavelength being 
absorbed by both the predetermined energy ab 
sorbing compound and the unknown energy ab 
sorbing compounds when both are present in the 
sample, 

passing said ?rst and second predetermined wave 
lengths through the sample, 

detecting separately the amount of energy remaining 
in each of said ?rst and second predetermined 
wavelengths after passing through the sample so as 
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to produce a ?rst signal proportional to the energy 
remaining in said ?rst predetermined wavelength 
and a second signal proportional to the energy 
remaining in said second predetermined wave 
length after each has been absorbed by said prede 
termined energy absorbing compound and said 
unknown energy absorbing compounds, 

subtracting one of said ?rst and second signals from 
the other and producing a third signal, 

adjusting said third signal to be constant when only 
said predetermined energy absorbing compound is 
present in the sample whereby said third signal will 
be proportional to said unknown energy absorbing 
compounds in said sample, 

and subtracting said third signal from said ?rst signal 
to produce an electrical output which is propor 
tional to said predetermined energy absorbing 
compound in said sample. 

26. A method as de?ned in claim 25 where said third 
signal is adjusted to be zero when only said predeter= 
mined energy absorbing compound is present in the 
sample. 

27. A method as de?ned in claim 25 where said prede 
termined energy absorbing compound is ethanol, and an 
unknown energy absorbing compound is acetone. 

28. A method as de?ned in claim 25 where said sam 
ple is a breath sample, said predetermined energy ab 
sorbing compound is ethanol, and said unknown energy 
absorbing compounds are acetone and water vapor. 

29. A method for determining the amount of a prede 
termined energy absorbing compound in a sample when 
unknown energy absorbing compounds are also present 
and where both the predetermined energy absorbing 
compound and the unknown energy absorbing com 
pounds do not absorb a ?rst predetermined wavelength 
of energy and where both the predetermined energy 
absorbing compounds and the unknown energy absorb 
ing compounds absorb both second and third predeter 
mined wavelengths of energy, said method comprising 
the steps of: 

generating a ?rst predetermined wavelength of en 
ergy, a second predetermined wavelength of en 
ergy and a third predetermined wavelength of 
energy, said ?rst predetermined wavelength of 
energy being unabsorbed by the predetermined 
energy absorbing compound and the unknown 
energy absorbing compounds, both said second 
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predetermined wavelength and said third predeter 
mined wavelength being absorbed by both the 
predetermined energy absorbing compound and 
the unknown energy absorbing compounds when 
both are present in the sample, 

passing said ?rst, second and third predetermined 
wavelengths through the sample, 

detecting separately the amount of energy remaining 
in each of said ?rst, second and third predeter 
mined wavelengths after passing through the sam 
ple so as to produce a ?rst signal proportional to 
the energy remaining in said ?rst predetermined 
wavelength, a second signal proportional to the 
energy remaining in said second predetermined 
wavelength and a third signal proportional to the 
energy remaining in said third predetermined 
wavelength, 

subtracting one of said ?rst and second signals from 
the other to produce a fourth signal proportional to 
the energy remaining in said second signal after 
absorption by said predetermined energy absorbing 
compound and said unknown energy absorbing 
compounds, 

subtracting one of said second and third signals from 
one another to produce a ?fth signal, 

adjusting said ?fth signal to be constant when only 
said predetermined energy absorbing compound is 
present in the sample whereby said ?fth signal will 
be proportional to said unknown energy absorbing 
compounds in said sample, 

and subtracting said ?fth signal from said fourth sig 
nal to produce an electrical output which is pro 
portional to said predetermined energy absorbing 
compound in said sample. 

30. A method as de?ned in claim 29 where said ?fth 
signal is adjusted to be zero when only said predeter 
mined energy absorbing compound is present in the 
sample. 

31. A method as de?ned in claim 24 where said sam 
ple is a breath sample, said predetermined energy ab 
sorbing compound is ethanol, and an unknown energy 
absorbing compound is acetone. 

32. A method as de?ned in claim 29 where said sam 
ple is a breath sample, said predetermined energy ab 
sorbing compound is ethanol, and said unknown energy 
absorbing compounds are acetone and water vapor. 

* it * * * 


